ABSTRACT Pediobius ni Peck (Hymenoptera: Eulophidae) is a eulophid parasitoid indigenous to North America that was found attacking the invasive light brown apple moth, Epiphyas postvittana (Walker) (Lepidoptera: Tortricidae), in California. We investigated host age suitability, fecundity, and temperature-dependent developmental time for P. ni as a parasitoid of E. postvittana. Parasitoid offspring survival was higher on E. postvittana presented as prepupa or young pupa (Ͻ3 d old) than older pupa (Ͼ3 d old), and P. ni would not attack mature E. postvittana larva. Parasitoid developmental time increased with advanced host age. At 24ЊC, P. ni parasitized 6.8 Ϯ 0.7 hosts, and produced 119.5 Ϯ 16.8 offspring during a 21.5 Ϯ 3.0 d adult lifetime when provided food and host pupae. The developmental rate of P. ni was a positive linear relationship between 15Ð28ЊC, but it failed to develop at constant temperatures Ͼ29ЊC. The estimated lower developmental threshold is 13.0ЊC, and degree-day requirements (DD) are 278 DD. As a comparison of host species suitability, P. ni was tested with obliquebanded leafroller, Choristoneura rosaceana (Harris) (Lepidoptera: Tortricidae); navel orangeworm, Amyelois transitella (Walker) (Lepidoptera: Pyralidae); omnivorous leafroller, Platynota stultana Walsingham (Lepidoptera: Tortricidae); orange tortrix, Argyrotaenia franciscana (Walsingham) (Lepidoptera: Tortricidae); and peach twig borer, Anarsia lineatella Zeller (Lepidoptera: Gelechiidae). The parasitoid readily attacked all tested host species; percentage parasitism was lower on A. lineatella than on A. transitella, P. sultana, and C. rosaceana, but similar among the other tested species. Clutch size generally increased with host size, but percentage adult emergence and sex ratio was not affected by host species. Exposure of hosts to multiple P. ni increased the numbers of emerged wasps per parasitized host without obvious costs to offspring Þtness.
The light brown apple moth (LBAM), Epiphyas postvittana (Walker) (Lepidoptera: Tortricidae), is native to south-eastern Australia and is an invasive pest in western Australia, New Zealand, Hawaii, England (Danthanarayana 1975, Suckling and Brockerhoff 2010) , and recently California (Brown et al. 2010) . LBAM was Þrst detected in 2006 in Berkeley, CA and has since been found in more than 20 northern and coastal California counties, with populations largely concentrated in the central coast areas (CDFA 2012) . LBAM is extremely polyphagous, possibly attacking more than 500 plant species in 363 genera from 121 families, including various native or exotic horticultural and agricultural crops, and landscape woody and herbaceous plants Brockerhoff 2010, Brockerhoff et al. 2011) . A recent survey in an urban landscape in the east San Francisco Bay Area found E. postvittana on 75 of 152 inspected plant species, with most (69 species) plants not of Australian origin (Wang et al. 2012) . In Australia and New Zealand, LBAM has been a pest of fruits, vegetables, and numerous ornamentals (Danthanarayana 1975 , Buchanan 1977 , Geier and Briese 1980 , Wearing et al. 1991 , Mo et al. 2006 . The moth is an important invasive pest, in part because of its exceptional host range (Suckling and Brockerhoff 2010) and there is concern that it has the potential to cause signiÞcant economic losses in California agriculture, nursery, and landscape systems (Varela et al. 2008 , CDFA 2012 .
In California, LBAM is primarily found on ornamental plant species in the urban areas of coastal regions from Santa Cruz to San Francisco, with small incursions into some agricultural crops in the Central Coast (Varela et al. 2008 , Bü rgi et al. 2011 , CDFA 2012 , Wang et al. 2012 . Climate likely limits the geographic range of LBAM in North America (Gutierrez et al. 2010, Lozier and . LBAM favors regions with mild summers (Thomson et al. 2010) and lacks tolerance to extreme high temperatures (Bü rgi and Mills 2012); moreover, it has only moderate cold hardiness and does not appear to enter a winter diapause (Bü rgi and Mills 2010, Bü rgi et al. 2011 ). Where it is established, biological control has been demonstrated to suppress LBAM populations. In New Zealand, for example, LBAM is successfully managed through a combination of biological controls using parasitoids and threshold-based applications of selective insecticides (Varela et al. 2010) .
Recent Þeld surveys in urban landscapes in Berkeley, CA found at least 12 indigenous parasitoid species attacking LBAM (Wang et al. 2012) . The most common were the egg parasitoid Trichogramma fasciatum (Perkins) (Hymenoptera: Trichogrammatidae); the larval parasitoids Meteorus ictericus Nees (Hymenoptera: Braconidae) and Enytus eureka (Ashmead) (Hymenoptera: Ichneumonidae); and the pupal parasitoid Pediobius ni Peck (Hymenoptera: Eulophidae); parasitism was up to 84.4, 43.6, and 57.5% for eggs, larvae, and pupae, respectively (Wang et al. 2012) . The high parasitism levels suggest that these indigenous parasitoids have considerable potential to suppress LBAM populations in California. However, little is known of the biology of these parasitoids. In particular, the only published literature on P. ni described it as a Nearctic species associated with the cabbage looper, Trichoplusia ni (Hü bner) (Lepidoptera: Noctuidae) in Arizona (Peck 1985) . P. ni was recovered from Þeld-collected LBAM pupae in California (Wang et al. 2012 ), but we have found no other host records for this eulophid in California. It is unknown what host species or host stage(s) that P. ni might attack. Clearly, for the development of biologically-based pest management programs for LBAM, as well as related lepidopteran pests in the region, more information on P. ni will be useful.
The major aims of this study were to investigate some basic biological parameters of P. ni as a parasitoid of LBAM, and determine its potential association with other common lepidopteran pests in California. SpeciÞcally, we determined P. niÕs host stage acceptance and suitability, fecundity, and temperature-dependent developmental time as a parasitoid of LBAM. To evaluate its performance on LBAM, we made similar comparisons with P. ni as a parasitoid of Þve related lepidopteran species: obliquebanded leafroller (OBLR), Choristoneura rosaceana (Harris) (Lepidoptera: Tortricidae), which is native to North America and a pest on a variety of crops including pome and stone fruit, small berries, and nut crops (Chapman et al. 1968) ; omnivorous leafroller (OLR), Platynota stultana Walsingham (Lepidoptera: Tortricidae), an indigenous North American pest of ornamental and agricultural crops (Powell 1983) ; orange tortrix (OT), Argyrotaenia franciscana (Walsingham) (Lepidoptera: Tortricidae), a pest of various fruit trees, vegetables, and ornamentals and common to the coastal regions of California, Oregon and Washington (Weires and Reidl 1991) ; navel orangeworm (NOW), Amyelois transitella (Walker) (Lepidoptera: Pyralidae) which is thought to be native to the southwestern USA and Mexico and is a primary pest of nuts crops such as pistachios (Pistacia vera L.) and almonds (Prunus L.) (Bentley et al. 2006) ; and peach twig borer (PTB), Anarsia lineatella Zeller (Lepidoptera: Gelechiidae), a native western Asia moth that is a pest of almonds and stone fruit (Powell and Opler 2009 LBAM, OLR, and OT colonies were maintained at Berkeley using the bean-based artiÞcial diet and rearing method as described for LBAM by Bü rgi and Mills (2010) . NOW, OBLR, and PTB colonies were maintained at Kearney, with OBLR and PTB colonies using the bean-based artiÞcial diet and rearing method as described for OBLR by Krugner et al. (2005) , and NOW using the red oat bran artiÞcial diet and rearing method as described by Tebbets et al. (1978) .
Colonies of P. ni were established from Þeld-collections of parasitized LBAM pupae in 2010 in Alameda County, with periodic additions of new Þeld-collected material to maintain parasitoid colony vigor. The parasitoid colonies were maintained on LBAM at Berkeley and on OBLR at Kearney. Adult parasitoids were held in Þne-screened, acrylic cages (8 by 11 by 14 cm) provisioned with honey and water for adult food. Moth pupae (Ͻ3 d old), held in small (1 by 5 cm) petri dishes, were added to the parasitoid cages for a 2 d exposure period, after which, the inoculated pupae were placed in a clean acrylic cage and held for the emergence of adult parasitoids or moths.
Unless stated otherwise, all experiments were conducted under the controlled insectary conditions. The tested P. ni were female parasitoids, aged 5Ð7 d during which they were held in the acrylic cages with male P. ni and were, therefore, assumed to be mated but naṏve to oviposition at the start of each experiment.
Host Stage Acceptability and Suitability. From initial observations, we believed P. ni to be a pupal parasitoid. To determine host age acceptance, differently aged LBAM were exposed to female P. ni in a nochoice test: mature larva (Þfth or sixth instars), prepupa, young pupa (1Ð3 d old), and old pupa (4 Ð 6 d old). The tested LBAM were collected over a 7 d period before each trial, grouped by age category, held under the insectary conditions as described above, and then checked before the initiation of each trial to conÞrm age category. For each trial, a single LBAM was exposed for a 24 h period to a single P. ni in a small (2.5 by 9.5 cm) glass vial with a streak of honey as food for the parasitoid. After that all exposed LBAM were again checked to conÞrm their age category (any tested host that had advanced to the next age category during the exposure period was not included in the trial).
All exposed hosts were then isolated in the small glass vials and held for parasitoid or adult moth emergence at the insectary. After adult emergence had ceased, all remaining LBAM were dissected to deter-mine the number of unemerged (dead) parasitoids or hosts (LBAM that had no sign of parasitism). Each LBAM was a replicate, with a total of 118 mature larvae, 22 prepupae, 37 young pupae, and 27 old pupae tested. As a control, 10 Ð20 individuals of each age category were reared without exposure to the parasitoid to determine the mortality of unexposed hosts.
After dissection, for some tested insects it was still undetermined whether or not they were parasitized and, for this reason, a corrected mortality of exposed hosts was estimated using SchneiderÐOrelliÕs formula (Pü ntener 1981), where corrected mortality ϭ 100 * (mortality of exposed host-mortality of unexposed host)/(100-unexposed host). Parasitism was estimated based on the number of parasitized hosts (adult parasitoids and dissected LBAM containing a dead parasitoid). Clutch size and percentage of adult emergence were estimated based on the number of emerged and unemerged (found during the dissections) adult P. ni from each parasitized host.
Adult Longevity and Fecundity. The longevity and lifetime fecundity of P. ni were determined using LBAM as the host. Newly emerged adult P. ni were paired (female and male) and enclosed in the small glass vials, each provisioned with young (1Ð2 d old) LBAM pupae. The host pupae were replaced every 2 d (two pupae for 2 d, Monday through Friday) or 3 d (three pupae for 3 d, Friday through Monday) until the female P. ni died. The male wasp was replaced if it died before the female. Honey was streaked on the glass vial for adult parasitoid food. As a control, 2Ð3 young pupae were similarly isolated, without exposure to P. ni. All tested LBAM were reared individually in the glass vials until adult parasitoid or moth emergence. After adult emergence had ceased, all remaining LBAM pupae were dissected, as described previously. Each adult female P. ni was a replicate, and 21 females were tested. In addition, 30 1-wk-old females were dissected and their ovarioles and ovaries examined to estimate mature egg load.
Temperature and Developmental Time. The parasitoidÕs developmental time from egg to adult was determined initially at six constant temperatures (12, 15, 20, 22, 25 , and 30ЊC) using OBLR as the host. When it was found that the parasitoid failed to develop at 30ЊC, three additional temperatures (27, 28, and 29ЊC) were added to better determine the upper temperature threshold. All experiments were conducted in model I-36VL Percival ScientiÞc (Perry, IA) temperature cabinets (Ϯ1ЊC). Parasitized hosts were obtained by providing individual female parasitoids with one young (Ͻ2 d old) host pupa for 24 h in a small petri dish. After that the exposed hosts were randomly assigned to different temperature treatments. The number and sex of emerged parasitoids were recorded twice daily (morning and afternoon). Preliminary observations showed that females and males emerged at approximately the same time from each clutch; therefore, data for females and males were pooled for the calculation of developmental time. At least 99 individuals were tested at each temperature.
Potential Host Association. The relative suitability of P. ni hosts was tested using six moth pest species: LBAM, OBLR, OLR, OT, NOW, and PTB. Before each trial, 20 young pupae (Ͻ2 d old) of each tested host species were randomly selected and weighed individually on a Sartorius (Elk Grove, IL) analytical electrobalance (model 1801, Ϯ 0.1 mg). Test methods were similar for each host species. Three young pupae were exposed for 24 h to one female wasp in a small petri dish, a streak of honey was provided as food for the parasitoid. After the exposure period, all hosts were reared individually in the petri dish and monitored daily (morning and afternoon) to determine the number, sex, and developmental time of the emerged wasps (egg to adult). After all adult emergence had ceased, the remaining host pupae were dissected to determine the presence of dead parasitoid larvae or pupae, as described previously. There were 20 Ð36 replicates (each a group of three pupae) for each host species. As a control, 20 Ð30 individuals of each species were reared without exposure to the parasitoid to determine the mortality of unexposed hosts. Clutch size, offspring sex ratio, percentage parasitism, and adult P. ni emergence were estimated for each host species. In all data analyses, we used the corrected mortality, as described previously. Five of the tested P. ni did not yield any female offspring, and these data were excluded from the analysis of offspring sex ratio as we assumed that the adult female P. ni tested had not mated. Because clutch size is often related to host size, and the parasitoidÕs body size is often related to clutch size in gregarious parasitoids (Zaviezo and Mills 2000, Wang and Liu 2002) , subsamples of 24 Ð36 adult females were taken from average-sized clutches of each of the tested host species and their body sizes (forewing length) were measured.
In the above experiment, it was noticed that large hosts, such as OBLR, did not have a proportionally larger P. ni clutch size and that host material was not completely consumed by the parasitoids. To explore the possibility that the parasitoid may exhaust her supply of mature eggs during the short (24 h) exposure time, we also tested the occurrence of superparasitism based on host size. Three differently sized host species were used: PTB (small), NOW (medium), and OBLR (large). For each host species, 25 young (Ͻ3 d old) pupae were exposed to Ϸ500 female wasps in acrylic cages for 48 h. All exposed hosts were then isolated in small petri dishes, individually reared, and the number and sex of emerged adult P. ni were recorded.
Data Analysis. Results are presented as mean values (ϮSE). For each experiment, treatments were compared using Analysis of Variance (ANOVA), and if a signiÞcant difference was detected, the mean values were further compared by TukeyÕs honestly signiÞ-cant difference (HSD) test. Before analyses, percentage parasitism data were square-root transformed to normalize the variance. Linear regression was used to determine the relationships between temperature and developmental time, and between the body size and the total number of emerged wasps per parasitized host. We determined the lower temperature threshold using data from the linear regression (R t ϭ a ϩbT) of temperature treatments that permitted survival and measureable development, where the development rate (R t ) is a function of temperature (T) and a and b are regression parameters Þtted to the data. The low development threshold is calculated as -a/b, and the required degree-day requirements (DD) is calculated as DD ϭ 1/b (Václav et al. 2003) . All analyses were performed using JMP V10 (SAS 2008, Cary, NC) .
Voucher specimens have been placed in the UC Berkeley collection at the Kearney Agricultural Research and Education Center.
Results
Host Stage Acceptability and Suitability. In nochoice tests, P. ni did not attack mature LBAM larvae; none of 118 tested larvae were parasitized. The parasitoid did attack prepupae, young, and old pupae (Table 1). The corrected mortality of exposed hosts (parasitism excluded) ranged from 9.5 to 22.2% for the pupal stages tested. The actual mortality of exposed hosts (parasitized and corrected mortality) was Ϸ50% across all pupal stages (Table 1) . Clutch size was similar among different host stages (F ϭ 0.33; df ϭ 2, 26; P ϭ 0.72; Table 1 ). However, when provided the older pupal host stage category, P. ni had a prolonged developmental time (F ϭ 74.08; df ϭ 2, 241; P Ͻ 0.001) and a reduced percentage of adult emergence (F ϭ 7.22; df ϭ 2, 25; P Ͻ 0.01) (Table 1) . Therefore, young host pupae (Ͻ3 d old) were the most suitable age category for P. ni, and were used in all other trials.
Adult Longevity and Fecundity. Under controlled insectary conditions (24 Ϯ 1ЊC, and a photoperiod of 16:8 (L:D) h; adult female P. ni (n ϭ 21) survived for 21.5 Ϯ 3.0 d and parasitized 6.8 Ϯ 0.7 LBAM pupae, from which 119.5 Ϯ 16.8 offspring were produced of which 87.4 Ϯ 2.6% were female. Corrected mortality of exposed hosts (excluding parasitism) was higher (18.1 Ϯ 2.1%, n ϭ 180) than that of unexposed hosts (1.4 Ϯ 0.7%, n ϭ 56) (F ϭ 18.55; df ϭ 1, 234; P Ͻ 0.01). Thus, the number of parasitized hosts was underestimated, even after dissection of the remaining LBAM pupae. Dissections of 7-d-old P. ni found an average of 35.2 Ϯ 1.4 (n ϭ 30) mature eggs per female.
Temperature and Developmental Time. P. ni successfully developed, from egg to adult, at constant temperatures ranging from 15 to 28ЊC. No P. ni developed at 12ЊC, even after a 6 mo period; although dissections of the exposed hosts found live parasitoid larvae. All parasitized hosts (and P. ni) died at temperatures Ͼ29ЊC. Within the range of temperatures that permitted development, the developmental rate, from egg to adult, was a positive linear relationship with temperature (R t ϭ Ϫ0.0471 ϩ 0.0036T, r 2 ϭ 0.998, P Ͻ 0.001) (Fig. 1) . The estimated lower developmental threshold and degree-day requirements (DD) are 13.0ЊC and 278 DD, respectively.
Potential Host Association. Percentage parasitism was lower on PTB than on OLR, NOW, or OBLR, but similar among all other Þve host species tested (F ϭ 4.32; df ϭ 5, 160; P Ͻ 0.001; Table 2 ).
The six tested host species differed in pupal size (F ϭ 88.04; df ϭ 4, 95; P Ͻ 0.001; Table 2); PTB was the smallest host, followed by OT, OLR, LBAM, NOW and OBLR. P. ni readily attacked all six host species. Clutch size differed among tested host species (F ϭ 5.79; df ϭ 5, 135; P Ͻ 0.001; Table 2 ) and was a positive linear function of host size (y ϭ 18.05 ϩ 0.204x, r 2 ϭ 0.809, P ϭ 0.015) (where x ϭ host pupal weight).
The host species tested did not affect percentage adult P. ni emergence (F ϭ 1.60; df ϭ 5, 135; P ϭ 0.16) or the sex ratio of emerged adults (F ϭ 0.61; df ϭ 5, 124; P ϭ 0.69) ( Table 2 ). The corrected mortality of exposed hosts ranged from 11.2 Ϯ 4.1% (for NOW) to 23.2 Ϯ 5.6% (for LBAM) but was not different among the host species tested (F ϭ 1.97; df ϭ 5, 160; P ϭ 0.09).
P. ni developmental time was faster on OLR and OT, followed by LBAM, OBLR, PTB, and NOW (F ϭ 7.47; df ϭ 5, 185; P Ͻ 0.001; Fig. 2A ). Host species did affect the size of P. ni progeny, with smaller female wasps Values are mean Ϯ SE and different letters within each column indicate signiÞcant difference (ANOVA and TukeyÕs HSD test, P Ͻ 0. 05); n is the number of insects originally tested, the numbers in parentheses are the number of clutches or insects that completed development and were used in data analyses. Fig. 1 . Relationship between temperature (T) and developmental rate (R t ) from egg to adult for P. ni as a parasitoid of E. postvittana; all data were Þt to a linear model (R t ϭ Ϫ0.0471 ϩ 0.0036T, r 2 ϭ 0.9985, P Ͻ 0.001).
emerging from PTB than those that emerged from OT or OLR (F ϭ 4.96; df ϭ 5, 186; P Ͻ 0.01; Fig. 2B ). When host pupae were exposed to large numbers of P. ni for a longer (48 h) exposure period, to increase levels of superparasitism, the number of emerged wasps per parasitized host increased in OBLR (F ϭ 167.93; df ϭ 5, 68; P Ͻ 0.001) and NOW (F ϭ 8.67; df ϭ 1, 27; P Ͻ 0.01), but not in PTB (F ϭ 0.44; df ϭ 1, 19; P ϭ 0.52) (Fig. 3A) , as compared with data from trials using a single female parasitoid and a shorter (24 h) exposure period. The number of emerged wasps from a single pupa ranged from 64 Ð353 (OBLR), 15Ð122 (NOW), and 1Ð32 (PTB). The mean weight per emerged wasp was not signiÞcantly related to the total number of emerged wasps per parasitized OBLR pupa (r 2 ϭ 0.044, P ϭ 0.33). In all three tested host species, the sex ratio of emerged wasps was similar among hosts exposed to many P. ni and those exposed to a single female P. ni (OBLR: F ϭ 2.17; df ϭ 1, 67; P ϭ 0.15; NOW: F ϭ 0.11; df ϭ 1, 25; P ϭ 0.74; PTB: F ϭ 1.28; df ϭ 1, 19; P ϭ 0.27; Fig. 3B ).
Discussion
The current study Þrst conÞrmed that P. ni is a pupal parasitoid that performed better on younger than older LBAM pupae (Table 1) . These results are similar to the well-studied Pediobius furvus (Gahan) and other gregarious pupal parasitoids (Duale et al. 2009 ). Host stage often inßuences a parasitoidÕs host acceptance for oviposition and suitability for offspring (Godfray 1994) . This is particularly true for parasitoids attacking static developmental stages such as the egg or pupa, where the attacked hosts does not grow in size during that developmental stage and where host quality is largely Þxed Sequeira 1993, Wang and Liu 2002) . Age-related development changes, both physiological and morphological, can Fig. 2 . Effect of lepidopteran host species (listed in the order of size) on P. ni for (A) developmental time from egg to adult parasitoid and (B) body size (forewing length, mm) of the resulting P. ni female offspring. Host species were PTB, OT, OLR, LBAM, NOW, and OBLR. Values are mean Ϯ SE and different letters above bars indicate a signiÞcant difference (ANOVA and TukeyÕs HSD test; P Ͻ 0.05). Fig. 3 . Lepidopteran host pupae size and superparasitism effects when moth pupae were exposed to a single or many P. ni on (A) number of wasps emerged and (B) percentage of adult female wasps emerged. Host species tested were: PTB, NOW, and OBLR. Values are mean Ϯ SE and different letters above bars indicate a signiÞcant difference between the single and group exposures for each host species separately (ANOVA, P Ͻ 0.05). result in variable host quality. For example, as the pupa develops, its tissues undergo histolysis, histogenesis, and differentiation to form adult internal organs and sclerotized appendages. Thus, as the pupa ages, there may be less host resources available to the developing parasitoids. If given a choice, we suggest that P. ni would likely prefer to attack young host pupae, before these host changes, although we did not conduct a choice test to determine host age preference among differently aged pupae.
P. ni did not tolerate temperatures Ͼ29ЊC, and there was no adult wasp emergence after a 6-mo exposure at 12ЊC, although some parasitoid larvae were still live inside the exposed hosts. The simple temperature assessment presented here suggests that P. ni may have adapted to the climate-mild California central coastal regions, where it was found and which correspond to LBAMÕs preferred range (Gutierrez et al. 2010) . P. ni had only been previously reported from LBAM collected in the California coastal regions, where parasitism of LBAM pupae was reported to be as high as 78.1% in some collections (Wang et al. 2012) . It is possible that there are regionally adapted populations that have different temperature tolerances and requirements. The fact that P. ni eggs had developed into larvae and the larvae were still alive after a 6-mo exposure at the colder temperature treatment suggests that the parasitoid might enter dormancy or diapause at low temperatures, however, more detailed studies with different diurnal and nocturnal temperatures need to be conducted to validate this assumption. The parasitoidÕs clutch size and sex ratio, when reared on LBAM (Table 2) , were similar to those recovered from the Þeld collections of parasitized LBAM pupae (Wang et al. 2012) . The previous Þeld survey and current laboratory study suggest P. ni is an effective pupal parasitoid of LBAM, and the current study may even have underestimated parasitism as some exposed hosts were dead but could not be classiÞed as parasitized during the dissections. We suspect that some mortality resulted from multiple oviposition attempts because the corrected mortality of exposed hosts was always higher than unexposed hosts.
Host species vary in their acceptability and suitability to insect parasitoids because of differences in such variables as host size or quality, or a hostÕs behavioral or physiological defenses against parasitoids (Godfray 1994, Wang and Messing 2004) . As an endoparasitoid, P. ni was able to attack and successfully develop from all six tested host species, which included three different Lepidoptera families. This suggests that P. ni is relatively polyphagous, at least under laboratory conditions, and is at least a physiological generalist, as noted for other Pediobius species (Peck 1985 , Gates et al. 2005 . We note that in this study we used naked host pupae during the exposure periods. In situ, these moth pests have other physical barriers that may lower parasitism considerably. NOW pupae, for example, are encased in an extensively woven cocoon that are often located inside nuts, fruits, or bark; and pupae of the other Þve hosts are typically covered by a thinly webbed cocoon and found inside rolled leaves (Bentley et al. 2006) . We did observe that P. ni could enter the NOW cocoon to attack the host pupae; nevertheless, Þeld parasitism rates would be affected by these additional physical barriers.
Generalist parasitoids like P. ni may attack hosts that vary in size, and host species selection may have important consequences for the offspring Þtness (Otto and Mackauer 1998, Wang and Messing 2004) . When the hosts were exposed to a single female P. ni, the parasitoid seemed able to assess host size and vary clutch size accordingly (Table 2) . Host species did not affect the percentage of adult emergence or sex ratio of emerged wasps, but developmental time and body size was slightly affected by host species (Table 2) . P. ni developed faster on OT or OLR than on all other species, and the offspring had a larger female body when reared from the larger OT or OLR than from the smaller PTB. This suggests that the parasitoid grows faster on the larger hosts with no apparent reduction in body size. All those characters reßect the plasticity of a generalist parasitoid (Harvey et al. 1994) , although a simple phenotypic trade-off may vary in response to selection and other environmental variation (Roff et al. 2002) . The body size of the adult parasitoid is often positively correlated with many other Þtness components, such as longevity, fecundity, survival, and foraging efÞciency (Ellers et al. 1998 , Otto and Mackauer 1998 , Roitberg et al. 2001 , Wang and Messing 2004 . Overall, P. ni performed better on OT and OLR in terms of its faster developmental time and the larger body size of female parasitoid offspring (Fig. 2) . The higher performance of P. ni parasitoid in OT and OLR may suggest its close association with those two resident host species in California, which are commonly found in coastal regions. Still, it is surprising that P. ni has not been reported from these hosts in earlier surveys.
Although OBLR was about four times larger than all other tested hosts species, the mean clutch size from OBLR did not proportionally increase with host size (Table 2 ). This may have been an artifact of the experimental design, which provided only a 24 h exposure period for a single female parasitoid tested. For example, the parasitoid may have exhausted its egg supply during the exposure period or there was a time limitation to oviposit its full egg load in the large host pupae. In support of the egg supply argument, dissections of adult female P. ni found a mature egg-load of 35.2, which was about the same as the clutch size on OBLR during the 24 h exposure period (Table 2) . When large host pupae (OBLR or NOW) were exposed to a group of parasitoids with an extended exposure time, the number of emerged wasps per parasitized host increased (Fig. 3) . A single parasitized OBLR pupa produced up to 352 individuals without any obvious costs in offspring body size or sex ratio, suggesting that superparasitism does not lead to an obvious reduction in per capita Þtness. Lack of mobility in many gregarious endoparasitoid larvae during their development may facilitate resource sharing (Mayhew and van Alphen 1999, Boivin and van Baaren 2000) . In contrast, when small PTB pupae were ex-posed to a group of parasitoids, the number of emerged wasps per parasitized host did not increase when compared with the exposure to a single parasitoid (Fig. 3) . In smaller hosts, superparasitism may have resulted in the starvation or suffocation of larval P. ni. Other researchers have shown similar results: for example, Pediobius foveolatus (Crawford) discriminated among hosts by reducing their clutch sizes on those that were previously parasitized (Hooker and Barrows 1992) . Adult size is often correlated with clutch size (Hooker and Barrows 1992) , and superparasitism resulted in the production of more male parasitoids in P. foveolatus (Shepard and Gale 1977) and P. furvus (Duale and Okwakpam 1997) . Although it is unknown if P. ni would discriminate against previously parasitized hosts, a degree of superparasitism seems to maximize host use in host species with larger pupae. This has practical implications for the mass rearing of P. ni, which should use larger host species such as OBLR to increase parasitoid production.
There is a diversity of lepidopteran species in North America and they are attacked by large complexes of natural enemies (Powell 1962 , Marino et al. 2006 , Krugner et al. 2007 , Fernández-Triana and Huber 2010 . LBAM has widely inÞltrated the urban landscapes in CaliforniaÕs central coast region where it feeds on a variety of host plants but is also attacked by a rich diversity of resident parasitoids (Wang et al. 2012) . The current study provides some basic biological parameters of one of these indigenous parasitoids. Given the wide host range and potential novel associations with various resident parasitoids, the invasion and establishment of LBAM in California may have a potential community-wide impact on the abundance and natural enemies of other resident lepidopteran species. For example, there may be apparent competition between the invaded LBAM and other native herbivores through shared indigenous parasitoids. Although introduction of specialized parasitoids is preferable as most successes in classical biological control have been achieved by specialist natural enemies (Stiling and Cornelissen 2005) , the impact of P. ni and other resident parasitoids on the suppression of LBAM seems to suggest that indigenous generalist parasitoids, which move between native and exotic hosts, may be considered superior for the management of polyphagous herbivorous pests such as LBAM.
